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Abstract (Basic) : EP 566972 A 

The device comprises a substrate and a pin junction semiconductor 
active layer region on the substrate. The pin junction active layer 
region comprises a p-type layer (105) composed of a p-type non-single 
crystalline semiconductor material, an i-type layer composed of an 
i-type non-single crystalline material and an n-type layer (103) 
composed of an n-type non-single crystalline material. 

A buffer layer (118) comprises a non- single material not contg. 
germanium atoms interposed between the p- and i-type layers. A second 
buffer layer (117) not contg. germanium atoms is interposed between the 
i- and n-type layers. The i-type layer is formed of an amorphous 
silicon germanium material contg. germanium atoms in an amt. of 20 to 
70 atomic percent in the entire region. 

USE/ADVANTAGE - Eg for powering watch or calculator or as sensor in 
image reader. Can be used as daily power supply source. 
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The device comprises a substrate and a pin junction semiconductor 



active layer region on the substrate. The pin junction active layer 
region comprises a p-type layer (105) composed of a p-type non- single 
crystalline semiconductor material, an i-type layer composed of an 
i-type non-single crystalline material and an n-type layer (103) 
composed of an n-type non-single crystalline material. 

A buffer layer (118) comprises a non-single material not contg. 
germanium atoms interposed between the p- and i-type layers. A second 
buffer layer (117) not contg. germanium atoms is interposed between the 
i- and n-type layers. The i-type layer is formed of an amorphous 
silicon germanium material contg. germanium atoms in an amt. of 20 to 
70 atomic percent in the entire region. 

USE/ADVANTAGE - Eg for powering watch or calculator or as sensor in 
image reader. Can be used as daily power supply source. 
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1 ^Ig»«X©«Jfitt-3eiCLT. G e H«#X©t6« 
SO. 5~10. 0 s c c m©<eHTr^-ft;3^:T. 5l» 

20 K*Bj£Jt©&ft* a — S 1 Ge : HUSS^St^KLfc. 
#6nfcKfff±G e H4#X8Efi©4>fc^^5JGH;:-tf- 
>X;i/No. l-l~l-9tbfc. i5l/TftB3 

>K*v*X£iW£U ffi»4©-gB£*-5>xS 

£©&*©fflJcJfc£2fc«>fc. yjU-7-^A7c3?EJtfl-©*& 
«B->U3>i*$t?*-Dfc. £tJt©*8S£filT©3? 1 

[0 0 2 3] 
30 [3el] 
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(6) 4$BB¥6-2 1 4 9 4 

9 10 



SizHs 


lOsccm 


Hz 


500sccm 




15W (13.56MHz) 




250 °C 


BE 13 


l.lTorr 




30mm 




GeH,a£g 
(seem) 


(atm%) 


Eg*** 
(eV) 


1-1 


0.5 


12.5 


1.65 


1-2 


1.0 


19.5 


1.60 


1-3 


1.5 


22.0 


1.58 


1-4 


3.0 


29.0 


1.54 


1-5 


4.5 


38.5 


1.48 


1-6 


5.5 


45.0 


1.44 


1-7 \ 


6.5 


48.0 


1.42 


1-8 


7.2 


50.0 


1.41 


1-9 


10.0 


56.0 


1.37 



* Ge ^jffljjfcifcte Ge/Si + Ge + H 



[0 0 2 4] ®4\ZK?£5\ZUn<D-&<D& 

EBX-6D) &m^Ts mmi 2tVT**y7m2 
5 0 p. mTfJec? 1 cmCDC r*ffi£ 1 0 0 0 AM^V 

t^TAMl. 5 <DXtikyt*H7 h)l<Dyt&l 0 OmW/ 
cm*CD&£TJiimbffll«©tt£*£a (0) 
U ^(D&ii(rfSS^;xU-^-CDft£l 0 O^^S^l 
»*. Btf3fc6*U&a (10 0) 



[0 0 2 5] Z.<D£o\ZLT%Zio (0) to (10 

o) ^e>a (ioo) /a (o) zm&# 

Jt#*£V>Bltea (10 0) /a (0) 

2 0a tm%^Wft 3£J!MtK:#LT££T&S 
Z£frt)fr-o?t 0 mzy)U^-yj±m?(Dl&&Lik&3 0 
a t m*£LLT&ntf> fti*ltfc;ttLT&£T££T& 

[0 0 2 6] 
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11 

im» 2 ] m& 2 wsfogftAx/vf x tfcs«»£©i4» 

*^RfPKU SIBro^mxJC^^Ta-S 1 Ge : 
H K©m^Jt©S^*t i*©«t -5 ICffcSfcXff LX V» -3rt> 

CO 0 2 7] K*mm.£*T9rffi»J£ifcoXV>3. 
0*. 1 0 1 1 0 2 ttT&««. BCLtt^b 

A-fc;VX&0. niI103, i HJ§ 10 4, pill 
0 5^1^^771117, 118tS^TUT^ 
i. MCL tt5 H;Hr;VT* 0nlil06, 1 SB 1 
0 7, pill 0 8t im<Drty7ymi 1 9. 120 
£*fri,XV>S. TCLtths/^-feJl/XftO, nlil 
0 9. 1 MS 110, pill 1 Utl/T^D, -£© 

±{caswmffi 1 1 2 t*«nffii 1 3 ta^tenx 

[0 0 2 8] K^KD'S^-fe^TCL, MCL, BCL* 

[oo2 9] 0 71^-tp i nmytmnijtfr&miBL 

X. «T©#JBXfl*fiUfc. *1\ 5 OmmX 5 0 mm 
(D*t3©Xf>^aS#l 0 l*J$*J©X>^y*'J 
>^iSftl:Aftl O-'Tor rJKTKJSStlMSLfc 
Ar *XA<s/*J8;*rx, Ag^-y^httTffl 
V>, ffirESfr 1 0 1 ±KTF»Sffi 10 2 tfczm 1 0 0 
0A©Ag»g|*it8lLfc. r«)S#10 1SISt)Hl 
U n-KDy*&2 1 3rt,Cfc£&#«ji!?&A2 0 6 

±tc&#«*sm#-fcy h2 o 2*bbu -tro-hicTase 

fill 0 2©««[3n&H*ei3*CTfflHCIflJttTH^ 
U D-KDs>££2 1 3ft**B;K©#£W?>:7*Xl 
O-'To r r«TOJEE*C*^»MLfc. COW, J&K 
32 0 lHttA#>7*2 1 5\Z&0 1 0-'To r r£TF 
©EETJKgmsnx^*. P53©EE**t«t£$u<fco 
ftWTy- h fVVf2 0 7 *Plt7. S#82t?&Jlr 2 0 
6 *ffiV>X*#«#ffl;fr-fey h 2 0 2 *J*BI32 0 1 ft 
IC&ftLBtfy- KAVl>7*2 0 7 
[0 0 3 0] JfclC, t-^-2 0 5 tTM 1 oioa 
®iaaW2 0 0 , Ct«:S«t'5fcSnS!ft*ffofc. 

LTcm&V* SliHi^XlOscc m£*3Si;*f 
XCTUIMJl/fcPHiflXl 2 sccmStfH!^ 
5 0 0 s c cm*j»X«ft/H7*2 0 8. 2 0 9J;0^ 
AL&. &V>X. ^SAVlo^ 1 4©RJS*9JIS5U (£ 
K32 0 1©WJE*1. 5TorrC«^. S5«&S 

is 2 1 oa-7s/^^^nigS2 i i*^bx*y-H«ffi 

2 1 2K8Mft3nX:fe9. SJES5M»[«fi2 1 0«fc0 1 
3. 5 6MHz©il5raS«*2 OWSS-felCfSALjSK 
*M#>Lfc. ^©.fcSICLX. n»D/tc-Si :H1 
£ 2 0 0 Affi^£&#X©&ARtfiisrai&1li7j©!9:A*it 
»Tj»^>^2 1 5K<fc0j£BI£2 OlftSl 0" 5 T 
o r t &CFKM&&iS.Ltz. 

[0 0 3 1] &V>X. f£BI£2 0 1 tt<^UMtl 
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12 

nm^m^s i o 3©j&&snfcg<*i o i *g#«i£ 

f&S2 o 6*j8v>x#»3-e-fc. JSSI32 1 6rtXW#: 
F-£>i08Mtt;tfX<hLT©PH,#x©i*A£fT 
«Vf S i»H.#X*l 0 s c cm8SAUfc&^2 0 1ft 
©E7J*1. 2 To r rfcfW»L&&l 5W©Ssra&S 
7J*i9:AU2 0 0A©iS©a-S i : H^MMto^Sft 
5Ay7rIl 1 7*feSL,fc. SS.CGeH^X* 
0. 5 ~ 2 0 s c c m*T©«H«t OS«*Xfc0f^©fi 
5*AUfc{tl 5W©S5raa«*SJftAU 2 8 0 OA© 
JO iS©a-S IGe :Hf«ft:Il 0 4*«M&U Pftf 
GeH«#X©i*A*-$>«>2 0 0A©iS©a-S 1 : 
H#«fr)5^ft5A7 7781 1 8 S^MU-&th 3 2 0 

0 A©# h A-fe;PB CL© i S¥3*#®«©J§a£*j|$;5L 

[003 2] Jfcfc. S###ffi:fr-te-/ h 2 0 2 IC@J£3 

n±sxe»cT i s©As»7r» 118 tumnztuz 

SfrlOl *S#»i2tteft2 0 6fcX&&32 0 1 fc* 
8U0-'To r r£TFfc#1SOO«#l OlSt-? 

-2 o 5X2 3 ov\zm&v&&mm&&izvittz\*> 

a? X^fX«A«2 0 8, 2 0 9 J:DS 1 H4#X5 s c c 
m, *3!i;*fXK:X2X*g-RL&BF»;tfX5 s c cm* 
l£K£2 0 1 CiXb. &WVV~72 1 4©W£*lBi6 
l<Xj£R3©l*gjBE* 1 . 5 T o r r fcfih> fc. 
[0 0 3 3] J#:V»XI9i!Btrai;7jj*Xl 5 0W«KM 
m7J*8:AUl 0 0A©pS»c-S IfifilO 5 
SlI©Ay77il 1 8±\zm»lsT£. 'A\Z$bm<Dn 
StfC-Si : HR1 0 3©J§8t#ffi££< fBJU&fl=X 
&m&2 0 IrtXpffi/ic-S l¥2*#Jgl 0 5±Cn 
Itfc-SI : Hfil 0 6*1 0 0 A*tii<*-&fc&. H 

5i7 K*©±fclft&©#hA-te.«/BCL©i$!®«l 1 7, 
10 4. 11 8©^dWr»t^<H«©^fc<fcr)^K 
£2 16rtX. S-flS!©a-Si : H*mm**>t3;Z> 
n>y7ril 19*10 OA. -e©±,ClM©a-S 1 
Ge : H*»«:ll 0 7*60 OA. S t>\Zl£<D±\Z 1 
i©a-Si :HM**5ft5%7rll2 0Sl 
OOAJiSIL*:. Z\ £X 1 0 7lfttG e Ha #X£ 0. 
5~2 0 s c cm*X©ttffl©ft*^S8&3n-50f£ 
©fiS*AL-X^$?Ufc. 
[0 0 3 4] ^lrtaj6©pSuc-S ifi^810 5 

40 £|pjei©7JBsiC«fcDJ&g£2 0 1(*3XpSmc-S 1^ 
**S1 0 8*1 0 OA^ISb, 3}?hA-fe;U 
BCL©±C5 H;i>-fe;l/MCL*)gfiEUfc. -tL/X^tK 
i2 0 lrtXffirSBWnSUc-S I :HKl0 3©«ia 
^C&ftXp^uc-S l¥l#il 0 8± 
iCnS/zc-S i : HK 1 0 9*1 0 0Alt«(a*fc. 

2 1 6 rtX. S<*affi* 2 5 0 *C. S 1 a 
H.^XSSSl 0 s c cm. H2#X86fi5 0 0 s c c 
m, ffi* 1 . 1 T o r r . &m&mt) 1 5W©*frTX 

1 5»©a-S 1 : H*«ftl 1 1 0*6 0 0 AifMBL 
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(8) 



6-21494 



13 

[0 0 3 5] *IClfflS&©p^<tc-S i¥*S#Jf 1 0 5 

twim<Djjmz&oim&2 o iwp^c-s i # 

f»#m 1 1 1 ft 1 0 0 kmUhlt. £ 3 l/T. 5 HJlrfe 

12 0 6 KTg#«ji!fl!;&-fe5> h 2 0 2 ftV- hA;l^ 
2 0 7 Sfl-LTlRDtHUBa-F 2 1 3Kf£SS 
X>m&n i p^*SSfWI©J#gl3n;fcS#l 0 1 
ftJ&OtfiUfc. 30©-fc;UBCL, MCU TCL**jfg 
g$n&iS#l 0 1 ft I n £ S n ©&JW&**SSJt 

i : ir^a$nfciKi*ffl#-h*t-fe^ h^nfc^ro 
&*. g«iins»sic<fco i x i o-To r rmma&m 

SH^"PSWmffil 1 2tLT»ITO»ISft*57 0 
OAilSbfc. C 1 7 OTCtUifc. # 

f$ES#l 0 1 ftl&DfflU 1 2©±S 

lC*««ffi/^->^JSffl©VX^/^->ft^$1* 
TffifiU X^«««lcxn. 1 0 s To r rKTI:*< 



24 



i0 



mmmVs mmcommmmi 1 s&miu z\<d&5\z 

[0 0 3 6] ±^Ufcf^&&j*C*^T«5HhA-fe;PB 
CLWa-S i Ge : H*>efc£ i M^m^S 1 0 4 1 
3 H^-feJWMCLOa-S i Ge : HfrbfcZ, i ^¥31 
<frHl 0 7 fc©GeH<#X«£fift^2©.fc'5l;:7'5<D 
*frC^UCn6ft«a*^*3-&T^4 9SD©^M^ 
fr 0 4 9 aS©K»*^ftff»Lfc. 

[0037] ±^bfc4 9mm<Dun^<Dmm^m 1 

12ffil«fcDAMl. 5Olcm'ft£0 10 0mW©3!£ 

Use ft^J6fc«ii6«BE4$14fta3^Uaj»!©^®aEft 
2W»j.ftifflj£Lfc. 

[0 0 3 8] 

[32] 





GeR,afcS 

(seem) 


(atm%) 


2-1 


0.5 


12.5 


2-2 


1.0 


19.5 


2-3 


1.1 


20.0 


2-4 


72 


50.0 


2-5 


16 


70.0 


2-6 


17 


72.0 


2-7 


18 


75.5 



* Ge^fclj&ifcte Ge/Si + Ge + H 



[0039] ^ic±fa4 9mm<Dunm^\zm.^mm 

Udtl^ft2 SlCro-jElCSfenfeKM^lrffiBLM 
^tl^UAMl. 53£ (lOOmW/cm') 5500 
h r 3888ft S^SEt^eitCSil^WS^effi 
112 {H«t t> AM 1 . 5Jt (lOOmW/cm 1 ) ftRB 
#*Lfc£#©:>fcfS£&$$5j?ft3fc«>fc. £©<fc5fcUT 



40 &*>nrzv iivofrz&it&tLTmtomm i <tj. 

»j) /v.) fflffi««ft*«)fc. #6nfc*gJ&ft3E3- 

g 5 ic5R-r. 

[0 0 4 0] 
[S3] 
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(9) 



#B8¥6-2 14 9 4 



15 



16 



No. 








j IIS./ 




1 
i 


9 — 1 
C 1 


9—1 
Z 1 


i n 

l.U 


i n 

l.U 


A 


o 

Z 


9—1 
Z — 1 


9 — 9 
Z Z 


i i 
i.i 


1 9 
l.Z 


\s 
s\ 


Q 
O 


9—1 
Z — 1 


9 9 

Z — O 


1 9 
l.Z 


i n 

l.U 


X 


A 


9—1 
Z — 1 


9 — A 
z — ** 


1 9 

l.Z 


i.i 


X 


n 
o 


9 1 
Z — 1 


9 C 

z — O 


1 9 
l.Z 


i n 
l.U 


X 


D 


9 1 
Z — 1 


9 A 

z — O 


1.1 


1.1 


X 


*7 
i 


9—1 
Z — 1 


9 »7 

z — I 


n Q 


i n 
l.U 


X 


Q 

o 


O 9 

z — z 


9 1 

z — 1 


1.1 


l.U 


X 


Q 

y 


z — Z 


9 9 

z — Z 


l.U 


n q 


X 


in 


9 9 

z — Z 


9 — 9 

z — O 


1 9 
l.Z 


l.U 


A 


11 


9 o 

Z Z 


9 >i 

Z — 4 


1 9 
l.Z 


n o 

u.y 


a 

ZA 


1 9 
1Z 


9 o 

z — Z 


9 K 

z — O 


1 1 
1.1 


u.y 


A 


1 Q 

lo 


9 9 

z — Z 


9 A 

z — O 


1 n 
l.U 


l.U 


X 


14 


9 — 9 

z — Z 


9 *r 

z — / 


i n 
l.U 


U.o 


X 


lo 


9 9 
Z — O 


9 1 

z — 1 


1 9 

l.d 


U.o 


X 


ID 


9 Q 

Z — J 


9 9 

z — Z 


1 9 
l.Z 




A 


17 


9 _ q 
z o 


9 _ q 
z o 


z.u 


U.l 




18 


2-3 


2-4 


1.9 


0.2 


o 


19 


2-3 


2-5 


2.0 


0.1 


® 


20 


2-3 


2-6 


1.2 


0.7 


A 


21 


2-3 


2-7 


1.0 


0.8 


X 


22 


2-4 


2-1 


1.1 


1.0 


X 



nmmm 



[0 04 1] 



o 

x ^fi 
C*4] 
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(10) 



4$iB¥6-2 1 4 94 

18 





GeH4$Kjt<£> 


£»3Tr 1NO. 




£4t& 


mm&mm 


on 
23 


2 — 4 


2 — 2 


l.d 


0.9 


X 


24 


2 — 4 


2 — 3 


1.2 


A 1 
0.1 


© 


25 


2 — 4 


2 — 4 


2.1 


f\ AA 

0.09 


® 


26 


O A 

2 — 4 


2 — 5 


2.0 


0.08 


O 


27 


2 — 4 


2 — 6 


1.9 


0.8 


A 


28 


2 — 4 


2 — 7 


1.2 


0.9 


X 


rjn 

29 


2 — 5 


2—1 


1.1 


1.0 


X 


30 


2 — 5 


2 — 2 


i n 

1.2 


0.7 


A 


31 


2 — 5 


2 — 3 


2.0 


0.1 


© 


32 


2 — 5 


2 — 4 


1.9 


0.07 


© 


rvo 

33 


2 — 5 


2 — 5 


2.1 


0.09 




O A 

34 


2 — 5 


2 — 6 


1.4 


0.8 


A 


OCT 

35 


2 — 5 


2 — 7 


1.3 


1.0 


X 


36 


2 — 6 


2—1 


1.2 


1.0 


X 


37 


2 — 6 


2 — 2 


1.2 


0.8 


X 


38 


2 — 6 


2 — 3 


1.3 


0.5 


A 


go 


2 — D 


2 — 4 


1.2 


U.D 


A 


40 


2-6 


2-5 


1.3 


0.6 


A 


41 


2-6 


2-6 


1.2 


0.8 


X 


42 


2-6 


2-7 


1.0 


0.7 


X 


43 


2-7 


2-1 


0.8 


0.7 


X 


44 


2-7 


2-2 


0.9 


0.6 


X 



[0 042] * * IS 5] 



No. 


j£#No. 








mmmm 


45 


2-7 


2-3 


0.8 


0.3 


X 


46 


2-7 


2-4 


0.9 


0.3 


X 


47 


2-7 


2-5 


0.9 


0.5 


X 


48 


2-7 


2-6 


0.9 


0.4 


X 


49 


2-7 


2-7 


0.8 


0.4 


X 



CLGD i^JIttfhA-fe^BCLO lSitO^fnfe [0 0 4 4] 

^2(D-£#No. 2-3, 2-4, 2 - 5 CTJMfr* 50 K»3] ^m»3T\mS\Z^'r^z>^m^ 
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;Hr;W ©ftjgft^/Vf X©K»£rtfSSU 
mt£5\Z LT^bsJSfc-^v-cffffi bit. 

coo4 5] 07 tmcm&w&immvnm: 

till 2t*mmffil 1 3££flaSLfct>©T?<fc£. 

2 ©# h A-fe;K0^*fr t^U^fr-CfTtt 
ofc. IJIIAT, *^83TttGeH.©j6M0. 5 s 
c cm*^2 0 s c c m©ttBrtT?§S» 2 J; D fc^&IS: 
3£U GeM^OffiffiJt (Ge/Ge + Si+H) \Z*t 

[0 0 4 6] H9*>6WS*fca-S i Ge : H&& i 

mm \zm \^%m%ij i fn-( x-ckig e ©^*raat 

2 0a tm%£U:7 0 a t m%KT©«-&JC SfrfcSS© 
<£V>x/WX£:&0. ±0»*l/<ttGeIfO^ti 
#3 0 a t mX£U:7 0 a tmS6£tTO»-&lr^3tUfc 

[0 047] 

[#afc&isi&8©&9!] *&m\t±&Li±n»mmz 
x/t-f x k** t»r p maRzf n sb t v>nwmz 

«G e JS^&5IHttC^S&Vi##«eft^U =1 >©A* 
7rH=&E-r*ti , btcfe2t)©/ty7rBratca:W6 
nfc 1 S¥£#S£G eJf^f&JSJfc*^ 0 a t m%£i. 
±7 0 a tmX£TPC&5a-S 1 GeTiiU *^ 
Ka-S 1 GeB*l;:GeK^©«*<a«<±U-S<i:3iiS 
j£Jt»C«E£fcfc-&fc<b©TN&*. 
[0 048] HI RtfH 2 tt. *«5B©— SaBB*fc«t 
4^**5* A-f X ©«»*« Sri)l^-r-5fc86©«S:0 
TfcD, Bill -?-©*»#ffi^r*ipS!B. IfflB 
3S:^nMB©X^;^-;t>'H©^n77'f;i'«, 02 

«-e©Brffi«ifiK s-tn-fti^bTVJ a. 
[0049] £tf, z-tiznytsmtiT/w x&&mz 

[0 0 5 0] 

®HfcL<«#JiMgI«©fc©T»oTfc«fc<. 

•e-ne.»*«tt©'b©T7*oTt). *£«£«&&«■©*> 
©-c*oTfc<tv». asictt, ^-ne-fia^w-b©-? 

J&rjTb, Sfc*23ttt©'b©-r»oTfe«fcV^ 

1 0 l©ffll«fc»3^Ait*tff*5nS«-&lCtt. fc^S/Wl 

Fe, Ni, Cr. Al. Mo. Au, Nb, T a, 
v, Ti, Pt, p b^©^jg*fcttc:ne.©^, W 

[0 0 5 1] cne.©te, #UIXtJK *'JIf 1/ 



(11) 4#B8¥6-2 1 49 4 

X^V>. #V73F. #'M 5 H^©-&«t»JM©7w 

a. 

[0 0 5 2] Sfc. WfcftttSfciUTtt. S i, G 
e. C, NaCl, KC1, L 1 F, GaSb, InA 
s, InSb, GaP. MgO. CaFi, B a Fj, a 
- A 1 , 0, ^©^J6S^«fc 0 X v-i X lt->i A-*WP 
fcflllL&fe©. StXdtl&©±tcBiKlHfcU<tt1fr^ 
if Jt*©ittV^H*xK^^r^irJl'*ft«-a:fet>©*«*^ 

[0 0 5 3] &#©JBtttt. ffl^tC<fcD¥«^ffi«ttdb 
DD«H©««, *Rt*MR. ™««T»5Ci^T 

J: 5 Cttftlttrrsft 5tfi«AxA'-Y X t UTnJ 
&te*tB:£S *fc»SS^©<IJJ;D%Ai«% 

sn*»*ictt. s»tUT©*ii*^56»sn*« 
s#©»ii±simoav»±, ««»»«*©&*» 

20 6. MB, 1 0iim£t±i:Sns. 
[0 0 54] 

[«4D *IB^©3fce«*xA'fXC*ViTtt, SKf 

^netitutu TS5«ffi, ±ssffi (aw* 
a) > msaffiswa^tatrsrs. (t^uccr 
#5±ffi«attt3t©x««j»ciatt&nfc'b©**u. 

ttsnfc"b©**-r^ta:-r-5. ) nn^osico^ 

30 [00551 

[T««ffi] *ftHfc«V>TJBto&n«T**ttl 0 2 
tl/Ttt. ±i£bfcSfrl 0 l©$t»*t2Jtttr*5^ 
S»icJ:?T. ftiB«a$5£ffl©tt&JiBI«-Sffi!<>*gfc 
•5i&-£-©&H3n*«0fa*gfe5. 05*.f;fg# 1 0 1 ifl 
&«&£©#S3fcfl-©tt»Tfc.5«£K:tt, S93«ffil 
1 2fll*>63fciB«*»^©3t*BMrt-*. 

[0 0 5 6] JlftttKtt. S«10 1 fcn«MHMI 1 
0 3t©MtCStt^n5. b*»U S»l 0 ltfSMMt 

40 6S«ffil 0 2tt=§H&T?£3. fc^U Sfrl 0 l*t*S 

Lffl©fifiSt©mffitUT. »*t>»*»*iBT?©S»* 

&S5»Ait3ie©^r«ifi]ffl*05B«-e«ffii o 2*wm 

l/TtiK -b-fe^Ay. Sfrl 0 1 tUT«fCffifittt© 
"b©*ffl^-5«^JCttS«gStDffiUffl©««ltl/T. £ 
fit 1 0 1 LnM*m&m 1 0 3 t©WJcTfflSffi 1 0 2 

[0 0 5 7] TfiB«ffil 0 2©«»tbT»4» Ag, A 
u, Pt, Ni. Cr. Cu. Al. Ti, Z n. M 

so o, wt?©&jg**:tt;inB©-&&*«i*tfsn, cne 
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[0 0 5 8] TfiB«ffil 0 2inSfifl:Sl 0 3 £© 
[0 0 5 9] 

#H t*9 tC«4*«fc < KJRS fc ft C3fc©3&*5rtt 8 5 96 

5VW X©ffi;fcK*JLT«$ij£#£fc Sfc.fcS h 
glrtfittl 0 0QKTT»*J:t*ia*L,Vi. £©<k5 
fc#tt£fS*.&*fttiLT. SnOi, IntOi. Zn 
O, CdO, CdiSnO., I TO (ImOi + SnO 
») $f<D8t<£9)*>> Au, Al, Cu«S©&JB£«ftT 

1 IC^-T«IC*JV»Ttt, p£¥*#Jl 10 5 

fi*tunsi!ijfjistt, tfti-Aisa. xa 9 ^u>^ 

[0 0 6 0] 

[&««£] *%wir*v^Tffl^ensffim«ffii 1 3 
gumsi 1 2±»cmten*. ta^stuTBAg, 

Cr. Ni, Al. Au, Tl, Pt, Cu. Mo, W 

[0061] ^-o^tt^ee^x/wxeos 

ffitt«»*b<ttl 59CBTF. <fcD$?*L<ttl 
TT**. ->-h£taffl£b-m*?3:L<tt5 0 

Q6CF. J:D»*L<ttl 0O«TTa&-5. 
[0 0 6 2] 

[ I S^iittB] 1 0 4«ffiS©»K^»yn 

-fextj^rfifpsnst)©-?. ass*, xa-^s;. 

ft. ECRS, iCVDft, LPCVDSsfc ££!»©;£ 
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ffilr*64lT»«. Hfc8B£LTtt. rtyf4© 

[0 0 6 3] *%^©3tB«*xAWXt:*ViT«Ta^ 
ffll^Sn*. a-S 1 Ge : HK&^-T5©lcffl^e. 
nsiSCHtfXtt. ^ftWlCttS l^XtUT. S1H 

4, SiiH., ShHi, (Si»)4, (SlHi)i. 
10 (S 1 Hi) ., S 1 F4, (S i F.) (S i 

F») «, (SIFi) 1, SiiF., SljFt, S1HF 
3, SIHiF:. S&GeStUTGeHt, GeiHe, 
G e Fi, (G e Fj) 5 , (G e F.) .. (G e 
Ft) «, GeiFe, GeiFi, GeHFj, G e Hi Fj 

a 1 s©*fc e-r 2 a«±s^uT4$ffl-r s c t t»-c# 

[0 0 6 4] ttei*JK*WM#i*&. affiTT^fttt 
8BT*5«-&»ctt-7X7n— a>ho— 5— (EtTMF 
a? Ctff&T) *fc«fcoTJ^£RK©IMJft*IWfiU fflc 
#ttffiT?ib*«-&fc«:, Ar, He«©*&#X$fctt* 

S^fctt. Ar. He*0:fc#X*fc,a**2fX£** 

[0 0 6 5] -t-LT, *^,CfeV>Ttt, a-S 1 Ge 
1SB1 0 4 fcfctt-Siflritifc, HP-feGe-g-Wa 
&2 0atmXH±7 0atmXHT. «k»>»*L<« 
3!? 3 0 a t m96&Lk 7 0 a t mXJBIT tf*. Cflfc fS|B$ 
fcSP^|Sjfca-S 1 Ge^e^lIIl 0 4©»JP 
*lAlrtaiCGeJR^©^W*«»Bfc*:*&t*J:5fi:fij« 
Jt©«Ste<b;fc-fr;5. 
[0 0 6 6] IPS. 01&^0 2C^Sn-5J:5lCa- 
S 1 Ge : H*»Sfc* liRttliflmi 0 4' tfe 

5 0 4* t*»e.?io, -en^oe® 

iSfc G e JR7^T*C!>«*4i C. . . *t#fit 

5. ffioT, lffiH®«l 0 4' Hplll 0 5ffl9lC|6] 
*>oTGe IS^&WS^S/hfllC. i . a> Sffi^filC.. . * 

0 4' liplil 0 5«C|(tt>9T. Ge 
EPf^rft&»«:*:fflC.. , «5 «/Mt C. i . IC« 

TV»*. BPS, Illi^l 0 4' &i SIMM 10 

[0 0 6 7] ae-^T. H lR^H2©«k5lCfi/hfilC 
.1.(22 0 a tm?6£U:«kOjf3;L<tt3 0 a tm96£A 
5<? ±£-r*. ^«Cffi^cfllC...»ta-S 1 G*>6ft* 1 
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mm \ 0 4©i*i-p*5f6i:i«©fic...*7 o 

atmXKTttS. Jl©J:'5lcGeIiC : F©ffifiKJt£jfr 
5£©«Sffll*3-r<B^S-«i-*Clt{C«tr). a-SlGe:H 

C#UTgfc^ft&jdcifc-TN&5 2 0 a tm%£4±7 0 

[0068] s«c*5!Wicfflv^ns i mm 1 o 4©/-; 

tel. 3 5eV£U:l. 6 0 e V*St©ttfflPitr-5;r 
£*tji?*LV>. »^ntfffi*ffiC...£fc'De&#teg 

y-ftfil. 35eV£U:l. 6 0 e V*»©«6Hl*Jl;:fc 
■S-tSfcT*. X, 0 4tt2t«ttpSH-/"<> 

fnS (nD ©3*«tt£;St. «fcot. f&SIKJ&tfT 
±E P M H-/t> F &^F^T5*T nl&Mfi l/fte 

[0 0 6 9] *»WC*^Tt4/>H-7 r ©nl!#9Mt: 
[0 0 7 0] 

SI 0 3 t©|jLHC*tt*^fStS-^<*^'J7©h7 

S5Ay77Bll7, 118S»tt5. LfrUfctf 
6, C©ny7rJP*a^it©*fl:L/&a-S 1 Gel 
GeJi^©^**^ o a tm%&T<hfc 

7ri ic^HWtc G e IHre6*3«-rfcflMft-*- * C £: 

17, 1 1 8 t bTI4*¥ieS->'J 3 >i LT© a - S 
1 : HKXttM c -S i : H&TrtafcT* C 

[0071] l*> ui*.&*>. mnrtz 111104 

G e Mfifi 2 0 a t m96EU: 7 0 a t mX«T©<5H(^ 
TtinTV^OT. A*2/7 7S^WcGeIS ; ?*-& 

<fc 9 ST© G e KTOVXy 7 r t^Sti* C 
•5. LA>Lfcj&t£. fCGeSfffllfcO. latm% 
£HT, «fc!)$?*L<ttO. 0 1 a t m%KTTafen«. 
tta-S 1 : HKtSfffiTNfcO, i g!B 1 0 4 l^tUfc^ 
WttS^tHftK -3*0, a-S!Ge:HlT 
«GeJST©^Wfi£^«l a tmXRhl 9 a tm 
%ttT©<6Sfr-6K*^R8lt«K^fl:L^-rv^^T 

t5CtBft<. fW^KfcfcTSpXttngJiRlffl? 
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fc-r-Sa-S 1 Ge : Ha>Sfc* 1 S©©^i* ntfcfiE 
*©T<fc*. X. /^7rI<D@JSI(J5 0AH±10 0 

o A£rF©«eHi*rt> ^aiatogsns £ LH. 

[0 0 7 2] ^©*^«)&lc:fe^TttpS¥iJJ{W5,k 
lgfi?fifH9-©[6j±£Blt>TV>;fc. uffl^ffl/t-;77l 

iO tt->'Jn>tyjl,vr:^A©iei£it&aiKWC^^.5^ 
tW>H*t!»7S»l. TeVA^ftl. 5eV* 
•C^kS-B-fca-S 1 GeKTfMUbT^fc. £©15© 
y;l/vr:«7 A7c*©»^tt:»4, 0 # 6 2 0 a t m%Xtt 
0*>65 0atmXtt*-C«fl;l/TV»*. *fc> ->U3 

7 71EWI-0 i l!»+fciiai£©#;ft&KW-#tt&ft±3 

©i£Vifflj«SfflVi5*^fc«y;^->>A7c*©ifi^H: 

5^y^v=^A7C*©iltt«tt:*tfiV^3t*fl:L.SV^ 

atsnTfc^v»©*tstt-c*o fc. 

[0 0 7 3]ffoT, *f6W©«fc5ICl#5£©GeJS^& 
flSt.Oa-S lGeRtGel^SWt^a 
^Bp-5£<£*>0. 1 a tm96£TF©#lJUS6S 

30 [0074] 

[p*5«fctfn£*iJMWg] *5tiSm737 f /t'fX&^-r 

zmzttf-mizm^znzpms.MZnmnvmttmzm 
#m&tm\zmn?mmt& v-v>if?z>z.t\z£.Q 

©#£*W8Kfllffl-C£*. EHtfXtUTtt. 
BgC^S^tfHfcftfltUTtt, Bj He, B«H»o. Bs 
H., BiHn, BeHm, BiHn, Be Hi 4, BFi9© 

tCtt. PH3, P»H<, PFs^S#ltf-5Ct*^^*. 

z\nt><Dmm>nizimo>&ts.c>-r2mEk±m'£ 

[007 5] Sfc. yt Altffil^ e p 1 Il/n S! 
SS: l^)©-fe;P«}ffii:UT3t3©-fe)I/©a*a-&*5ii:^e 

»»©7J*<«fcOS*U<, AfrWlC«S iC:H, SI 
N : H, S i O : H§C7 ; EJ1'77X«^, S 1 : H 
50 fel/<l4SlC:H, S 1 N : H, S 1 O : H^©«&S 
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[0 0 7 6] *5EWlrffl^&n*?te«*xA-f ^tt, 

>^A-tr;K h u -?)vt)\, t.mi n* 2 3 o<o 

1 :HKl:J:D^U JtA»fi3i:S»ffl!l»C»S-fe;i/ 

[0 0 7 7] 3 •Z><D±)M>tmm2tl1i h 0 •fJVtfrOtg, 

5. *Dff*Ktt. #hi»-fe;Vi5 F;H:>II'C0»Sm£ 
[0 0 78] BIO "&n* h U 

i mm i o 4 1 1 mm 1 o 7 £©w§**g eif© 

^#*fc:«**©<&*a-S i Ge : HBtTJf&SSnT^ 
-tUT. If«tl04' tl04* t©ISl 
ftRZfSWLm 10 7' tl07* tOlftBfcG egf^ 
#S©ffi;*:*at)WS. i SB 1 0 4 OG e ©T^fT 
SffiffiM£C>„10 4, lfiil07OGeITt 
**©«£*«& C... 10 7. C... 10 4 

>C... 1 0 7©H«*«fcf«fc5IC#il!Sl 0 4, 

1 0 7 ow&it&&irrzzti>tm&i>K. 

[0 0 7 91-tbT, i mm I 0 4±»<DM» tLX\t 
1 0 0 0A6U3000A£rF*<S3:LV>. — 35F I SB 
1 0 7£#©SJP£LTtt8 0 0A£th2 0 0 0 AfiTF 
)6*S*K, La»b l^Bl 0 4£#©BB«i:9/Jv£^ 

ct*ia*bv>. *&, m&mi 04* ©b*wb®« 

1 0 7' ©S*J:D^<-r-5tt*iM*l/Vi. 
[0 0 8 0] *5SWCffl^6nsS i : HBfcKttS 
i Ge : H&Sfl^fSIRKtt. CVDj**^f*Kffl 
V>5tl5*ti©^S«:a««JfSL<ttl 0 0C-5 0 
Ot:, ±D#£L<ttl 5 0"C~4 5 0*0. HsSfctt2 
0 0*C~4 0 CCCSteSn*. *&. «K^©l*i£Ett 

O-'To r r-5 OTo r r> «fc(5»*Kttl 0" l T 
orr~10Torr, ilCttO. 5Torr~l. 
5 Tor rtZKJttSH, V-f ?Dj([^5X7C VDffiS 
B^**£fctt, ffSKIJl 0-*To r r-lTo r 
r. J:0ffSKttl0-»Torr~10- l Torr, 
S3SJCH2 X 10-'Torr~2X10- , Torrl:8 

[0 0 8 1] **^lCfflV^n-5Ay7rBl 
17. 1 1 8RZfimmi 0 4&M0i-rzm-&\Z\*Ge 
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B^^t»#x©«»ifEa*fBfl|-r-s £ t*tM* 
[0 0 8 2] BllttS i*#X©#|&iKa£Ge»;l!f 

o*o, pSB&tfnsaBtBSrrsn 

?7rlll 7©^^tttGe**X*dS$rCS i 
*#Xi*S!&#X©*Tfi&8l£fT^. *©&. GeM 
X©8fE££M. i,*5M.„ ©«SHl*gT)S^WlC^fl:5-B- 
Bl©«fc5&/t>l*:/D:7 7"fJl'©i£Bl 0 4§«j£ 
■fSo d ©^rS/hSSfiM. i . £ g±8SfiM. . , 4BJ*3 ii 
10 *a-S I GeR®GettI®8M^2 0 a tm 
X. &*fi#7 0 a tmS(S£fc.5«fc3l;:5g*S. 
KteS i JR#X£ 1 0 s c cm, 5 0 0 s c 

cratU Ge$tfX&l. 5sccmBI16scc 
miti. 

[0 0 8 3] C©09tt05©«H©«t5»Cll!ai 0 4 
%77fl 1 7, 1 1 8 fcftnBARftft'CJMeLfc 
ig^lrOVJT©*)©-?*^*^ /ty7rSl 1 7. 1 1 

4 1 s-tn-en»j©aft£L;fcj&£&rtT 

20 ^lC^**t5IA3nTl/*3GelS : f-©a*<fc0fiT 

LfcS i : HJgfcggfc** 
[0084] 

[^mct i ] *mmm lBHio \z7RLitmi&oyt&n 
x *»«r a "box* k> . gtmitarnxm* 

hix-fe;P© 1 111 0 4 £3 Y)V\L)VO 1 SB 1 0 7 £ 
ftBjS-TSRfcBl 275M1 5t^-r«fc5*GeK^© 
iBd5Jt»*S t>^± 5 G e B^&-£tf #X©«ES£ 
55 1. 1 s c cm*5 1 6 s c cm*T©«lrtT?SI8b 

[0 0 8 5] 3r$\ m»2tmmz5 0mmx 5 0mm 
©*€r<*©Xx>WXSg#l 0 1±IC, 10 00AB 
©Ag^5&£TSB«ffil 0 2, nlI10 3«/t?7 
7il 17fcJgj«Ufc», 01 2(C*f GeH 
4 ©85a*«ffll 1/T012 Ic^f £ 5ftGe JB^P ©#*& 
Sr-feo iSIBl 0 4£J&£L&. Jfelc. ^»2tH«lC 
/ty7rill8. PI1105, nillOe, A'>y 
7711 1 9*J&fc8UgLfc. RUT, «9E1SB1 0 
40 4©^dcNf£l^tt»CGeH4©iSa?£«ffl)L/T^U<H 
1 2 IC^-TG egfOMS^ a - S i G e : Hl£ 
iHBl 0 7£UTJgjab&. 

[0 0 8 6] *©&tt. *&»»2£i^«lcny7TB 
120. PIS10 8. nIS109, ilBHO. 

piini, rnwmm 112, mmnm 1 1 3 

mfchlZ. C©<fc5lCLTiit*U ^CIZ, 
i mM 1 0 4, 1 0 7ibT01 31^-rGeKT©^ 
fS^a-SIGe: HK*^Tb. ^n£«1.©«^tt 

w»ii-i tiHii;-c<&*ii» 11-2 sfpfiu*:. n 

50 ailcLTHl 4l^-TGeJl^©»*^'6>oKSl 1- 



—916— 



27 

3. Ell 5lC^-rGeK^rofl^£fc:3ttl41 l-4Sr 
[0 0 8 7] 

[Jt«W] *JS0H 1 KJ:*im©fl«#«i!fcK«HC.l: 

tfS H;Hr;KZ) Ifil 04, 1 0 7(Da-SIGe: 

[0 0 8 8] 0 1 675SH1 8C^-r«t5fC. GeH. 

9a-SIGe:HSSIII1 04, 10 7l:fflV>& 
K*£fl*SL -€-n^nK«S#2 1-1, 2 1- 2. 
2 1 - 3 i Ufc. Cine. 3 t3©Rft© a - S i G e : H 
friotlLZ iSiei 0 4, 1 0 7lC*HTttGeS^©"& 

GelfM&feO. 

[0 0 8 9] BI1 9 75SH2 lC^-r«fc5t-. GeH, 
#X©i6S&&*.T, KS-El»C^-r«t 5ttG e ECT©# 
«Sfe^a-SlGe:H8l*iSI104, 1071: 
fflVifcttfiSf^fiU Kfi#f2 1-4, 2 1-5. 2 
1-6 ibfc. 

[0 0 9 0] dftSOKttKSttS 1SB1 0 4. 10 
7 ffCDG e STO^tt-€-n-6nSJP^(Rl«f -C.>(*ffifcG 

Sfe^feO-C**^ 6t»2 1 - 4-V\tm±mifi7 0 a 



(15) 14 94 

tmU0*f<. Kfi2 1-5"C«I/W20at 
m*«k9/h£<, K»2 1 - 6T?ttW;«*«7 0 a t m 
%«fc9;*:£<, !.T>jfeMtftt2 0 a tm%«fcr)/ha<& 

[0091] ^ne.cD^fie^T'A'f x©ttwi i - 

1. 11-2, 11-3, 11-4. 21-1, 21- 

2, 2 1-3. 2 1-4, 2 1-5, 2 1-6 iC&Kffi 
ffil 1 2flJ«fcDAMl. 53K (lOOmW/cm-') $ 
15ltLfct2©30fflftmgft3!lS7>.£3R«)fc. ;r©«k 

10 5CUT#&nfcJ).©«#tt**JW3WiLT£5l:: 

[0 0 9 2] g-&. &#jg«*S& : Ft;:*ff&L& 
A#*«8;Sn&*Tfe2 5<C©-JgK#fcn&KH# 
±ICEBU AMI. 5 3t (lOOmW/cm"') £5 

o o h rmmrnvt^ mzfmmtftmzm^omw 

mmi 1 2ffllJ:0AMl. 53t (1 0 OmW/cm" 1 ) 
£JiStLfc£€f©ft®g«a#J}£#«>&. r©i5lr 
UT^e.n&ntJj.^e.*^^© ( (77. -n) / 

tt, G e 7ClR©^t*V»Tfc iiOa-SIGe : H 

[0093] 
[*5] 
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29 



30 





iJi 104,107*0 






11 — 1 
11 — 1 


pfl 1U 


111 
1.11 


1.11 


11 o 

11 — c 


Efl 11 


1.12 


1.11 


11 o 

11 — d 


12 


1.13 


1.12 


11 A 

11 — 4 


E*7t 1 O 

e313 


1.12 


1.11 


*sl — 1 


lent 1 a 


1.00 


LOO 


21-2 


El 15 


1.01 


L01 


21-3 


016 


1.02 


1.01 


21-4 


017 


1.02 


1.01 


21-5 


018 


1.03 


1.00 


21-6 


019 


1.01 


1.00 



[0 0 9 4] 

[&ise92] mkm&pmi:. 01 OK^-Tp i ni 

fMSLfc. SfT^JSm t|^«lC5 Ommx 5 Omm© 

£fflV>TA r X/V>^lc«fcOT85**l 0 2 ifc-Sttl 

0 0 0 AO A g*KS*«Lfc. 

[0 0 9 5] •t©±lC*Jfi«l ^C<nlfil 0 3* 
JBfSUfc. «Vitn>y7rIl 17*if 5 0AtLT 
Ml&Lit. -£©&0 1 4(r^-r«t3»CGeH4<Dtaa* 

1 0 4S§ffiL,fc. ^CtC/ty7rSl 1 8£J§#5 OA 
tL,T^b&«. HJS091f^«pS!Sl 0 5. nS!S 
1 0 6 £JB#cJgj£Lfc. HlXA*y7rSl 1 9*5 OA 
mmv. WElSei 0 4<D}g^i:ll«, G e H< © 
SSSSfWfl UT0 1 4 (CSH"G e H^-<D^*t)t5 i m 
mi 0 7£Jgffcl,fc. -?-©«. %77ll 2 0 *Jf JP 
5 0Ai:bT^Ufc«, HffifcU-JrlliaStCpSlfgl 0 

8, niaio9, liaiio, pin 1 1, mm 
tffiii2, mmnm 1 1 3 zmkwj$.viz. z. 5 lt 



t>l-Kf4#-^21 - 1 ©fit* 1.00 <h b 

[0 0 9 6] to\zr\*jvrm\ 1 7, 118, 119. 
i2o®if*^T3i;f*tu ■?■©#;*©** 1 0 

A, 3 OA. 10 OA. 50 OA. 100 OA. 120 
0Ai£Afc6^©tm£fP»L;fc. K±7^Wtt»S 
/ti/7T)S©Bff*tl 0. 3 0. 5 0. 1 0 0. 5 0 
0. 1 0 0 0. 1 2 0 0 A©Sm££(DJiTl 2 - 1, 
12-2, 12-3. 12-4, 12-5, 12-6, 
12-7£Lfc. *&. A.>7 7B<0£<fcV>K*4'bf1= 
SU £©!(**£ 2 2- 1 tl/fc. 

[0097] jmeo^ea^jxA'-f i t.n 

^©SWSffi 1 1 2<H<fcDAMl. 5% (100 
mW/cm«) *JSttLfe<h#©*g83ft«gft2SJi5 77, 

**»fc. #etxfc»j.©ffi^<a*«]»83ft*i:bTa7 

tr^f. $ffi0U£R8. AMI. 5ft (10 0 

mW/cm-') S5 0 0 h rW8Sm\s1i®., mtm& 
tmmz%?<Di&Wttl 1 2fiJ«fct)AMl. 5ft (1 
OOmW/cm-') *B8ltUfet#©ftm^»«i*n * 

[0 0 9 8] Cl©«fc5{CUT#f.nfc7ji:77.^e.^fl: 

{ (77.-77) /770} ftttrnzjiibiz. 

ft*fl:Si:bTS61C^-r. *6«fc0. 

wwftes^^A'-fxii. lis 1 a*5/7tH©»s* ? 
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31 



32 



5 0A«TfcL<ttl 0 0 0AEU:-p;&.5«fc5fc3foS@ * CO 0 9 9] 











99 — 1 


u 


i fin 


i fin 

l.UU 


19—1 


i n 


i m 




12 — 2 




1 01 




12-3 


50 


1.09 


1.10 


12-4 


100 


1.10 


1.10 


12-5 


500 


1.11 


1.09 


12-6 


1000 


1.10 


1.10 


12-7 


1200 


1.02 


1.01 



[0 10 0] 

#*J6093K:&V>Ttt. 01OIC^Ufc«t 

JI/MC L© i SB 1 0 7 fc&lt-BG eK^©"&£-fi©ffi 
*«[ (C... 1 0 7) £#HA-fe;kBCL© 1111 0 30 

4\zj5»zGem?<Dttm<Dmizm (c... 1 o 4) 

i&SJiSUftC., 1 0 4>C.„ 1 0 7 tV1t&TJ$> 
•5. 

CO 1 0 1] B15fc^-r«fi)c©JtaK^JSSB*ffl^ 
T. &TF<D^mT!ft&Vtt. *1\ 5 0mmX5 0mm 
ffl^SO^T>VXBSfl:l 0 l£rJ^n<OX/t-/*U 
>^SfirttXni O-'To r rKT»C*S»»Ufc 
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